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Hypertension is a common condition affecting a large proportion of
the Canadian population. Between 1986 and 1992, the preva-

lence of hypertension in Canada was estimated to be 27.4% (31.0% in
men and 23.8% in women) (1). Hypertension is an important risk fac-
tor of morbidity and premature mortality due to cardiovascular and
renal diseases (2,3). It is estimated to be the third leading cause of
death, accounting for 6% of deaths worldwide (4,5). It is also the lead-
ing cause of visits to physician offices. In 2003, there were 20,274,000
visits made to Canadian office-based physicians as a result of hyper-
tension (6). Because the lifetime risk for developing hypertension in
the population is estimated to be 90% (7), the burden of uncontrolled
hypertension will grow in parallel with an aging population unless
effective treatment strategies are implemented. Unfortunately, hyper-
tension continues to represent a significant public health concern, due
to suboptimal prevention and management. A Canadian survey found
that among patients with hypertension, only 16% were treated and
controlled, 23% were treated but not controlled, 19% were not treated
and 42% were unaware they had hypertension (8).

Despite the evidence supporting the efficacy of lifestyle interven-
tions for reducing high blood pressure, most patients require medica-
tion for effective blood pressure control. In fact, many hypertensive
patients, especially those with additional cardiovascular risk factors,
require multiple antihypertensive (AHT) medications to achieve
blood pressure treatment goals. Several classes of medication are used
to treat hypertension: diuretics, beta-blockers, angiotensin-I convert-
ing enzyme (ACE) inhibitors, calcium channel blockers (CCBs) and
angiotensin-II receptor blockers (ARBs). The decision regarding
which AHT medication physicians select to treat hypertension is
facilitated by clinical practice guidelines such as those of the
Canadian Hypertension Education Program (9-11). These published
recommendations are based on the best scientific evidence from clin-
ical trials. For example, clinical trials such as the Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALL-
HAT) (12), the Losartan Intervention for Endpoint Reduction (LIFE)
(13), the Second Australian National Blood Pressure Study (ANBP2)
(14) and the Heart Outcomes Prevention Evaluation Trial (HOPE)
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BACKGROUND: Most treatment recommendations for hypertension
are based on criteria that consider efficacy, safety and cost. Given the need
for long-term use of antihypertensive agents, treatment compliance should
also be taken into consideration in the selection process.
OBJECTIVE: The purpose of the present study was to estimate persist-
ence and adherence to antihypertensive agents in a real-life setting.
METHODS: Persistence and adherence to treatment were estimated
using data from the Regie de l’assurance maladie du Quebec.
RESULTS: Data from a random sample of 4561 subjects with a diagnosis
of hypertension covered by the Regie de l’assurance maladie du Quebec drug
plan and using one of the antihypertensive agents reimbursed by the drug
plan for the first time between January 2000 and December 2001 were ana-
lyzed. The persistence rate observed after a two-year period with diuretics
was significantly lower (52.8%) than with any other classes of antihyperten-
sive agent (P<0.01). Persistence rates for beta-blockers, calcium channel
blockers, angiotensin-II receptor blockers and angiotensin-I converting
enzyme inhibitors were 69.3%, 64.3%, 60.9% and 58.9%, respectively. After
two years, the proportion of patients who were 80% adherent to their treat-
ment was 64.9% for angiotensin-I converting enzyme inhibitors, 65.0% for
angiotensin-II receptor blockers, 64.2% for calcium channel blockers, 60.3%
for beta-blockers and 50.9% for diuretics. The proportion of patients who
were 80% adherent to their treatment was significantly lower for diuretics
than with any other antihypertensive agents (P<0.01).
CONCLUSION: Persistence and adherence to treatment are essential to
treatment success. Results of the present study indicate that, in a real-life
setting, patients are significantly less compliant to diuretics than to any
other antihypertensive agents.
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Les choix, la persistance et l’observance aux
antihypertensifs : Des données probantes tirées
de la RAMQ

HISTORIQUE : La plupart des recommandations de traitement contre
l’hypertension découlent de critères qui tiennent compte de l’efficacité,
l’innocuité et du coût. Étant donné la nécessité d’utiliser les antihypertensifs sur
une période prolongée, il faut également tenir compte de la compliance au
traitement dans le processus de sélection.
OBJECTIF : La présente étude visait à estimer la persistance et l’observance
aux antihypertensifs en situation réelle.
MÉTHODOLOGIE : Les auteurs ont estimé la persistance et l’observance au
traitement d’après les données de la Régie de l’assurance-maladie du Québec.
RÉSULTATS : Les auteurs ont analysé les données tirées d’un échantillon
aléatoire de 4 561 sujets dont l’hypertension était diagnostiquée, qui étaient
couverts par la Régie de l’assurance-maladie du Québec et qui utilisaient l’un
des antihypertensifs remboursés par le régime d’assurance-maladie entre janvier
2000 et décembre 2001. Le taux de persistance aux diurétiques au bout de deux
ans était considérablement plus faible (52,8 %) qu’aux autres catégories
d’antihypertensifs (P<0,01). Les taux de persistance aux béta-bloquants, aux
inhibiteurs calciques, aux antagonistes de la réception de l’angiotensine II et
aux inhibiteurs de l’enzyme de conversion de l’angiotensine I étaient de 69,3 %,
de 64,3 %, de 60,9 % et de 58,9 %, respectivement. Au bout de deux ans, la
proportion de patients qui adhéraient à 80 % à leur traitement était de 64,9 %
dans le cas des inhibiteurs de l’enzyme de conversion de l’angiotensine I, de
65,0 % dans celui des antagonistes de la réception de l’angiotensine II, de
64,2 % dans celui des inhibiteurs calciques, de 60,3 % dans celui des béta-
bloquants et de 50,9 % dans celui des diurétiques. La proportion de patients qui
adhéraient à 80 % à leur traitement était considérablement plus faible dans le
cas des diurétiques que des autres antihypertensifs (P<0,01).
CONCLUSION : La persistance et l’observance au traitement sont
essentielles pour que le traitement fonctionne. Selon les résultats de la présente
étude, en situation réelle, les patients sont beaucoup moins compliants aux
diurétiques qu’à toute autre forme d’antihypertensif.
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(15) have all influenced the development of treatment recommenda-
tions and may be reflected in differences in prescribing habits among
clinicians. Despite such recommendations, debate at the practice level
regarding the choice of individual drugs for the treatment of hyper-
tension is ongoing and could be related to a lack of adherence to
guidelines among clinicians.

Results from clinical trials may not be generalizable to the clinical
practice due to differences between the two settings (16). For exam-
ple, the high level of persistence and adherence to medication that is
observed in clinical trials of AHT medication is often not observed in
clinical practice (17,18). In a recent study (17), persistence to treat-
ment observed in the ALLHAT study was compared with persistence
reported in other studies; these authors found that although persist-
ence to therapy was very high in the ALLHAT study and similar
between treatments (greater than 90% at one year), real-world studies
reported much lower level of persistence (75% or less at one year).
This lack of compliance in the real world impacts the effectiveness of
AHT treatment. Consequently, treatment recommendations need to
be based on both the results of clinical trials and experience in clini-
cal practice.

The objective of the present study was to estimate the prescription
choices, persistence and adherence to AHT agents, in the context of
clinical practice in Quebec. 

METHOD
The present retrospective cohort study was conducted using data from
the pharmaceutical services database of the Quebec provincial drug
plan (Regie de l’assurance maladie du Quebec [RAMQ]). Since 1977,
this insurance program has covered every person aged 65 years or older
and the beneficiaries of the social assistance program. In January 1997,
those individuals who did not have access to a medication insurance
plan became eligible for coverage under the RAMQ program. In 2003,
there were a total of 3,155,594 persons covered by the program. The
RAMQ pharmaceutical services database includes information from
pharmacists’ claims for dispensed medications reimbursed by the pro-
gram, but not medications received in a hospital.

Data were obtained for a random sample of 150,000 patients, all of
whom were enrolled in the RAMQ drug reimbursement program
between January 1 and December 31, 2003. Analyses were performed
on patients who initiated treatment with AHT medications between
January 1, 2000, and December 31, 2001 (index date). Patients were
excluded from the analyses if they used AHT treatment during the
12 months preceding the index date. Finally, to be included, patients
were required to be covered by the drug plan from the 12-month
period preceding the index date of AHT treatment through the
24 months following the index date and should have had a diagnosis
of hypertension (International Classification of Diseases – ninth revision
codes 401.0 to 405.9)

Level of comorbidities was estimated by calculating a chronic
disease score. This chronic disease score is an adaptation of the Von
Korff score (19), which was updated to take into account the med-
ications introduced since the initial development of the score.
Number and severity of comorbidities were assessed based on the
subject’s medication profile according to the subject’s prescription
data in 2000. The score excluded medications used for treatment of
acute problems (eg, infection) or common symptoms (eg, nasal con-
gestion). Individual medications are assigned to the chronic diseases
that medication would treat. The original chronic disease score has
been validated as an indicator of comorbidity, and it correlated with
future resource utilization. Higher scores indicate higher level of
comorbidity.

Analyses of persistence and adherence were performed for each of
the following classes of AHTs: diuretics (amiloride, ethacrynic acid,
furosemide, hydrochlorothiazide, indepamide, metolazone and
spironolactone), beta-blockers (acebutolol, atenolol, bisoprolol,
labetalol, metoprolol, nadolol, oxprenolol, pindolol, propranolol,
sotalol and timolol), ACE inhibitors (benazepril, captopril, cilazapril,

enalapril, fosinopril, lisinopril, perindopril, quinapril, ramipril and
trandolapril), CCBs (amlodipine, diltiazem, felodipine, nifedipine and
verapamil) and ARBs (candesartan, eprosartan, irbesartan, losartan,
telmisartan and valsartan).

Persistence to treatment was estimated at each month over the
two-year period by calculating the proportion of patients at each
month who had not abandoned their treatment. In some studies
(20,21), treatment persistence is defined as nonrenewal of a medica-
tion for a period longer than an arbitrary ‘grace’ period, generally 45 to
60 days. With such a definition of persistence, patients who have tem-
porarily ceased their treatment for longer than the grace period would
be considered nonpersistent forever, even if after that cessation
period, they restart their treatment and continue it for years. In the
present study, there was no defined grace period. Patients were consid-
ered persistent as long as they had not completely ceased using their
AHT. Gaps in medication use during the study period were captured
through estimates of the treatment adherence. Persistence to any
AHT was also estimated according to initial treatment. With this esti-
mation, patients were considered persistent as long as they were using
an AHT, even if they switched to different agents over time.

Adherence to treatment was estimated over the two-year period by
a method referred to as the ‘continuous multiple interval measure of
medication availability’, which is equivalent to ‘proportion of days
covered’ (22). This corresponds to the sum of the days of supplied
medication over a defined period, divided by the total days from the
beginning to the end of the defined time period. The defined time
period to estimate treatment adherence was 730 days (two years),
except for cases where the initial AHT agent was discontinued but
treatment was continued using a different AHT agent. In these cases,
the end of the defined period corresponds to the time when the other
AHT started. For example, if over a two-year period a patient only
received an AHT for a total of 600 days, his adherence to treatment
would be estimated at 82.2% (600/730). For a patient who received
500 days supplied of an initial AHT but after 630 days was switched to
a different AHT, his adherence to the initial AHT would be estimated
at 79.4% (500/630). For patients who switched to a different AHT,
adherence to treatment was only estimated for the initial AHT. A
patient was considered adherent to his treatment if the estimated
adherence to treatment was 80% or more. Taking medication cor-
rectly for at least 80% of the time is the most commonly used defini-
tion of treatment adherence found in the literature (23). For each
AHT, the proportion of patients who were at least 80% adherent to
their treatment was then reported. Finally, the proportion of patients
who were both adherent and persistent was estimated according to
their initial treatment.

RESULTS
From the random sample of patients, 45,522 had used an AHT agent
during the period from January 1, 2000, to December 31, 2001. Of
these, 9530 (21%) initiated AHT treatment, and 6932 (73%) of these
9530 patients were covered by the provincial drug plan for the entire
study period. Of these, 4561 (66%) had a diagnosis of hypertension
(Figure 1).

The mean age of the study population was 68.6 years. Fifty-nine
per cent of patients were women. Among the AHT agents, diuretics
and ACE inhibitors were the most commonly used, followed by CCBs,
beta-blockers and ARBs (Table 1). The proportion of women using
diuretics was higher than with other AHT agents (P<0.01) while the
proportion of women using CCBs, ACE inhibitors and beta-blockers
was lower (P<0.01). Compared with other agents, beta-blockers were
used less often by patients older than 60 years of age (P<0.01) but
CCBs and diuretics were used more often by these patients (P<0.01).
Over the two-year study period, 39% of patients had only used one
AHT agent, 32% had used two agents, 19% had used three and 10%
had used four or more.

The persistence rate observed after a two-year period with diuret-
ics was significantly lower (52.8%) than with any other classes of
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AHT agent (P<0.001). Persistence rates for beta-blockers, CCBs,
ARBs and ACE inhibitors were 69.3%, 64.3%, 60.9% and 58.9%,
respectively (Table 2). Persistence rates of dihydropyridine (DHP)
CCBs (DHP CCBs: amlodipine, felodipine, nifedipine) was 65.9%
compared with 59.5% persistence rates on non-DHP CCBs (non-
DHP CCBs: diltiazem, verapamil) (P<0.01). After two years, the pro-
portion of patients who were 80% adherent to their treatment was
65.0% for ARBs, 64.9% for ACE inhibitors, 64.2% for CCBs, 60.3%
for beta-blockers and 50.9% for diuretics. The proportion of patients
who were 80% adherent to their treatment was significantly lower for
diuretics than with any other AHT agents (P<0.01). The proportion
of patients who after two years were both adherent and persistent to
their initial treatment was significantly lower with diuretics than with
nondiuretic AHTs (34.2% versus 46.5%; χ2 P<0.01).

Adherence was higher in patients in the 60 to 79 year age group.
The number of AHT agents used had a negative impact on adherence
to treatment. Treatment adherence was lower for patients who had
used three agents or more than for those who used one or two agents.
Finally, the level of comorbidities estimated with the adapted
Von Korff score had no significant impact on treatment adherence.

DISCUSSION
Hypertension represents a significant economic burden, absorbing a
large and growing share of health resources. The economic burden of

hypertension is complex and related primarily to the consequences of
undertreatment (and the resultant cardiovascular outcomes including
stroke and coronary artery disease), as well as the cost of medications
and physician visits for management. Obviously, much of the eco-
nomic burden of hypertension could be avoided by adequate control of
blood pressure levels (24). Undertreatment of hypertension is due, in
part, to the failure to diagnose but also to patients not achieving rec-
ommended treatment targets. Failure to achieve target blood pressure
may be related to physician prescribing habits, and patient adherence
and persistence to their AHT medications. In fact, some studies (25-
28) have shown a direct correlation between noncompliance to AHT
medications and increased health care expenditure.

It is paradoxical that despite the unequivocal evidence supporting
the treatment of hypertension in large clinical trials, there is a failure
of treatment in the real-world clinical setting. The artificial setting of
the clinical trial ensures standardization of treatment and compliance
among the study cohort, yet the transference to the clinical setting is
not addressed through any formal implementation guideline. This is
not only an issue of the homogeneity of clinical trial cohorts through
inclusion and exclusion criteria, but more importantly, a delivery issue
including changing physician and patient persistence behaviour.
Consequently, to be more applicable in the context of current prac-
tice, treatment recommendations and guidelines should consider the
results of clinical trials in the context of their implementation in a real
life setting. According to large trials, such as ALLHAT, and even more
when economic considerations are taken into account, diuretics can
be seen as ideal treatment option. But in a real-life setting, poor com-
pliance with diuretics can lead to lack of effectiveness and increases in
number of physician visits to adjust the treatment, thus limiting the
potential economic benefits of using diuretics.

Treatment compliance to AHT agents has been previously esti-
mated using administrative databases from drug reimbursement pro-
grams (18,21,29-31). Estimation of treatment persistence is dependent
on the methods used to measure it. In studies using a grace period, the
level of persistence is associated with the duration of the grace period.
For example, with a grace period of 15 days, McCombs et al (32) found
a 5% persistence with diuretics after one year; while using a 45-day
grace period, Bloom (33) estimated a 44% persistence to diuretics
over the same period. It can also be argued that using the grace
period method somehow reflects adherence to treatment more than

Persistence and adherence to antihypertensive agents
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TABLE 1
Description of study population (n=4561)

Characteristic n (%)*

Sex

Female 2792 (61.2)

Male 1769 (38.8)

Age groups

<40 years 97 (2.1)

40 to 59 years 859 (18.8)

60 to 79 years 2841 (62.3)

≥80 years 764 (16.8)

Age, years (mean ± SD) 68.6±12.4

Chronic diseases score (mean ± SD) 2.9±2.7

Antihypertensive agents†

Calcium channel blockers 1219 (26.7)

Diuretics 1741 (38.2)

Angiotensin-I converting enzyme inhibitors 1731 (38.0)

Angiotensin-II receptor blockers 962 (21.1)

Beta-blockers 1143 (25.1)

*Data are presented as n (%) unless otherwise specified; †Total is more than
100% because some patients used more that one agent

Figure 1) Selection of study patients from the Regie de l’assurance maladie

du Quebec (RAMQ) database
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persistence to treatment. Therefore, differences in methodological
approaches make it difficult to make meaningful comparisons across
studies.

A recent review by Lopatriello et al (34) pointed out the difficulty
in comparing results across different compliance studies. In addition to
methodological differences, compliance studies vary in how terms
used to describe patterns of patient behaviour toward treatment are
defined. That is, compliance, adherence and persistence are defined
differently across studies. Finally, studied populations also vary from
one study to another. Some studies are performed with newly diag-
nosed patients or new users of AHT medication, while others are per-
formed with prevalent users.

Patients in the present study were all covered by the provincial
drug plan and therefore did not have to pay for their medication, or
only partially. Because the cost of treatment can affect patients’ com-
pliance, these results may be different than those for populations that
pay for their medications.

The results of the present study are consistent with these previous
studies showing that over time, there are a substantial number of
patients who abandon their AHT treatment, and that compliance to
therapy varies among AHT choices. Furthermore, and in concordance
with the present study, other Canadian studies on persistence of AHT
agents using the Saskatchewan (35), British Columbia (36) or the
Quebec (31) provincial drug database also found a lower persistence or
adherence with diuretics compared with other classes of AHT agents.

In the present study, compliance to treatment was measured by two
specific dimensions: persistence and adherence. Treatment persistence
reflected the duration over which a patient had not ceased their med-
ication and treatment adherence was represented as the degree of pre-
scription filling in a defined period of time. As in many other studies, we
estimated adherence to treatment allowing for a 20% deviation from
optimal (100%) adherence (37-40). This percentage was arbitrarily
selected but was based on the assumption that patients who took at least
80% of their prescribed medication would benefit. Hence, we believe
our definition is relevant to clinical practice goals for treatment.

Observational studies are considered to provide a lower level of
evidence compared with randomized clinical trials. Observational
studies such as this one provide evidence in the context of standard
clinical practices but are subject to bias that can only be avoided with
a randomized controlled design. For example, it is possible that physi-
cians and/or patients’ characteristics that led to the selection of a spe-
cific AHT agent may also be the same characteristics influencing
adherence to treatment. There are limitations to the present study, as
with any study using administrative claims databases. We assumed
that reimbursed medications retrieved from the databases were taken
by the patient. Moreover, samples received by the patient from his/her
physician could not be taken into account. Additionally, medications
received during hospitalization were not included in the database and
could have impacted our estimation of adherence. Because of the lack
of clinical end points or observation of actual data at the point of care
in the database, the clinical impact of compliance was not assessed.

Finally, compliance was estimated for medications used for the
treatment of hypertension, although in some cases they could have
been used for another indication because some of these medications
have other indications. By limiting the study population to only those
with a diagnosis of hypertension, this potential bias has been mini-
mized. In some instances, the choice of a given AHT medication
could have been made primarily for another indication, but this
should have a limited impact on the overall results.

CONCLUSION
Persistence and adherence to treatment are essential for treatment
success and may vary substantially across different therapeutic options.
This is particularly important in the treatment of hypertension, which
is an important risk factor for cardiovascular disease in Canada and is
the leading cause for visits to primary care physicians. Results of this
study indicate that in a real-life setting, patients are significantly less
persistent and adherent to diuretics than to any other AHT agent.
Treatment recommendations should not only be based on results of
clinical trials, but should also take into consideration treatment per-
formance in real-life setting.
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